Introduction
The uncontrolled exploitation of natural resources by humanity has been harshly criticized in the past decades. Every year millions of tons of marble waste are accumulated in piles at the Estremoz, Borba and Vila Viçosa counties (marble zone) by the local quarrying industry, this enormous waste nears 80% to 90% of the total extracted rock. It has therefore become necessary to create sustainable destinations for this waste material in order to mitigate or eliminate this trend. The use of fine aggregates from waste generated by the marble quarrying industry in the production of structural concrete has therefore been studied as a useful alternative, from the perspective of both environmental protection and the sustainability of natural resources. However, in order to make public this alternative within the construction sector, it is necessary to ensure quality and safety, in addition to providing a clear understanding of the performance of concrete containing fine aggregates from waste generated by the marble quarrying industry.
Although a relatively extensive bibliography is available nowadays on the subject, the lack of experience in Portugal combined with the fact that some areas have not been sufficiently clarified and weaknesses exist in others, have led to this study. The aim is, therefore, to assess the use of fine aggregates from waste generated by the marble quarrying industry in structural concrete by analyzing its mechanical properties, both in its fresh and hardened state. In the case of the former, workability and bulk density were examined and, in the case of the latter, compressive strength, splitting tensile strength, modulus of elasticity and abrasion resistance. In order to carry out the tests, cubic and cylindrical specimens were prepared from ten different types of concrete: three standard concrete mixes (containing fine basalt, granite and limestone aggregates), and mixtures containing four different substitution percentages of primary fine aggregates by secondary fine aggregates from waste generated by the marble quarrying industry (representing 0%, 20%, 50% and 100% of the total volume of aggregates).
Recent studies showed that marble waste can be used as aggregates in concrete. Binici et al. (2007) studied several mechanical properties of concrete containing marble and limestone powder; mixtures were modified to 5%, 10% and 15% marble and limestone powder instead of fine sand aggregates and their compressive strength was compared. Hebhoub et al. (2011) studied the use of marble waste aggregates in concrete. The results revealed that an appropriate incorporation of marble waste aggregates can lead to interesting characteristics in terms of strength; indeed the use of marble aggregates resulted in a considerable increase in the compressive and tensile strengths. Martins (2012) studied the mechanical properties of concrete incorporating coarse secondary aggregates from waste generated by the quarrying industry; the results suggest a trend towards a reduction of all mechanical properties.
Experimental programme

Materials
Primary aggregates are, gravel (limestone) supplied by José Marques Galo S.A, basalt sand supplied by Grupo LENA, granite sand supplied by Grupo Motaengil and river sand (siliceous) supplied by Grupo Soarvamil. The secondary are fine aggregates from waste generated by the marble quarrying industry supplied by Solubema. A CEM I 42,5 R cement from the SECIL cement works in Outão, Setúbal was used as binder. Water came from the public main supply.
Concrete design
On the basis of Standard NP EN 206-1 (2007) , the purpose was to produce a concrete with average compression strength, tested in cubic samples of approximately 44 MPa (C 30/37) and with a workability defined by the slump range 125 ± 10 mm. The percentages were calculated at 0%, 20%, 50% and 100% of the total fine aggregate volume. Fine aggregates are particles that pass through a 4 mm mesh sieve, "rice grain" are particles that pass through a 6 mm mesh sieve, gravel 1 are particles that pass through a 12 mm mesh sieve and gravel 2 are particles that pass through a 16 mm mesh sieve.
As both the fine and coarse mixtures were subdivided into various particle size fractions, it is necessary to clarify how the substitution was carried out. The underlying concept was to minimize any discontinuity in the grading curve of the aggregates, which similarly affected the intervals defined for the sieves that were used. This mean that, for example, to replace a particular percentage of fine aggregate, all the particle size fractions that were less than 4 mm were affected to the extent that each contributed towards defining the standard curve. Finally, to maintain the level of workability, which was expected to be affected by an increase in the amount of secondary aggregates incorporated, the w/c ratio was calibrated. (Table 2 .2)
Testing of aggregates
The aggregates and granulates were characterized on the basis of the following tests:  Los Angeles abrasion test -LNEC E237 (coarse aggregates only). 
Testing of fresh concrete
The following tests were carried out in fresh concrete: 
Testing of hardened concrete
The following testes were carried out in hardened concrete: Table 3 .1 shows that the fine aggregate with the highest bulk density is basalt sand. It is found that granite sand and fine river sand have lower bulk density than basalt and marble sand.
Experimental results and discussion
Properties of aggregates
Regarding water absorption after 24 h immersion, Table 3 .1 shows that secondary fine marble aggregates had the lowest value (0.14%). A significant difference between the water absorption of marble sand and basalt sand.
The Los Angeles abrasion test shows that all the aggregates used complied with the limits set for the application of concrete. The aggregates gave results of 22.45% to 26.52%. The shape index results showed a similar geometry for the various coarse aggregates.
Properties of fresh concrete
3.2.1. Workability Table 3 .2 shows the slump test result and the water cement ratio for each concrete produced. Table 3 .2 shows that although the secondary aggregates negatively affect the workability of the concrete in which they are incorporated, changing the w/c ratio is an effective procedure to offset the problem. In fact, slump figures within the target interval were obtained, regardless of the substitution percentage. It can also be noticed that the w/c ratio had to be increased with the percentage of aggregate substitution. Figure 3 .1 shows the bulk density percentage for fresh concrete in relation to the standard concrete as a function of the aggregate substitution ratio. If the aim is to determine any result as an absolute value, the value for the control mixes (BRB, BRC and BRG) are 2412.5 kg/dm 3 , 2356.4 kg/dm 3 and 2361.6 kg/dm 3 respectively. Figure 3 .1 shows that the incorporation of fine aggregates from waste generated by the marble quarrying industry in concrete has a small influence on the bulk density in the fresh state. This is due to similar values of the fine, primary and secondary, aggregates bulk density.
Bulk density
Properties of hardened concrete
3.3.1. Compressive strength So as to understand the influence of the aggregate substitution ratio on the compressive strength of concrete at 28 days, the test results are shown in Figure 3 .2. The control mixes (BRB, BRC and BRG) registered average values of 50.4 MPa, 56.9 MPa and 49.2MPa respectively, for this property. These data enable any other given value to be determined using this graph. The results show that the compressive strength has a decreasing trend with the increase of the substitution ratio. It has been concluded that the w/c ratio increases with the substitution ratio. Greater w/cm ratio implies a higher need of water in the mix, which results in the decrease of compressive strength. It follows that the reason for the reduction of the compressive strength is the w/cm ratio. This conclusion was also reached by Belachia e Hebhoub (2011). The evolution of compressive strength in all the mixes is shown in Figure 3 .3. 
Splitting tensile strength
In order to understand the influence of the substitution ratio on splitting tensile strength, the results for this test are presented in Figure 3 .4. To make these results into absolute values, the values for the control mixes (BRB, BRC and BRG) are 3.5 MPa, 4.4 MPa and 3.9 MPa, respectively.
Figure 3.4 -Splitting tensile strength test (28 days)
As with the trend shown for compressive strength, the results in this case also reveal a reduction in performance as the percentage of incorporated secondary aggregates increases, for the BC and BG families. The underlying reasons for this behavior are identical to those which explain the loss in compressive strength. However the BB family shows a contrary tendency to the remaining two. This is probably due to the geometry of the basalt sand particles and its weak intermolecular connection with the cement.
Modulus of elasticity
The relative loss of modulus of elasticity in all the mixes in relation to the control mixes are shown in Figure 3 .5. In order to determine absolute values, the values for the control mixes (BRB, BRC and BRG) are 32.0 GPa, 38.8 GPa, and 32.5 GPa, respectively.
As it can be seen in Figure 3 .5, the modulus of elasticity was the property that showed less variation. The families BB and BG demonstrate a nearly constant behaviour. The BC family is the one with the higher modulus of elasticity decrease. Figure 3 .6 shows that the abrasion resistance decreases with the incorporation of fine aggregates from waste generated by the marble quarrying industry. The bigger resistance loss was 50%, for the 100% substitution concrete in the BC family. The main reason for this resistance fall is the wear resistance difference between the primary and the secondary fine aggregates. 
Conclusions
In this study, the mechanical performance of structural concrete containing fine aggregates from waste generated by the marble quarrying industry was analyzed. After completing the work, the following conclusions can be drawn:
 Compressive strength is affected by the incorporation of secondary aggregates; a substitution ratio increase decreases the compressive strength of all concrete families studied;
 The loss of splitting tensile strength in relation to the control concrete yielded values that were identical to those of compressive strength for the BC and BG families; the BB family showed a contrary trend, mostly due to the geometry of basalt particles and their weak intermolecular connection with the cement;
 The modulus of elasticity results showed no significant variation with the substitution ratio for the BB and BG families; the BC family had a significant decrease, mostly due to its low w/c ratio;
 All the families showed a diminution of abrasion resistance with the substitution ratio; the reason for this resistance loss is the wear resistance difference between the primary and secondary fine aggregates.
From a general perspective, the incorporation of fine aggregates from waste generated by the marble quarrying industry in concrete yielded good results. They showed a slight decrease in the mechanical properties of concrete, especially for high substitution ratios. The incorporation of fine aggregates from waste generated by the marble quarrying industry in concrete does not compromise the mechanical properties and these aggregates can be used to produce structural concrete. 
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